Introduction
Increased agricultural production over the years has come at the expense of the ecological sustainability (Yu and Wu 2018) as tons of agricultural wastes are generated from farm by-products and food wastes. Poor handling of waste often results in emission of methane and leachate while open burning by the farmers generate CO 2 and other local pollutants. Rice husk is one of the most widely available agricultural wastes in many rice producing countries of the world (Hossain et al. 2018) . In every 100 kg of rice processed, ≈ 20 kg of rice husk waste is generated (Ghosal and Moulik 2015) . Lack of awareness and capacity to convert rice husk into resource material had diminished its usefulness. Developing alternative uses for agricultural wastes will not only increase their values but will help in eliminating their threat to the ecology. One of such alternative use is inclusion as media component in potted plant production. Media composition affects plant growth (Ede et al. 2015) hence; any soil amendment material used in containerized plant production should not disrupt the water, air and nutrient retention capacity of the media. In developing alternative use for rice husk in containerized plant production, there is need to determine the appropriate quantity to be added based on plant need. 1 3 Adubasim et al. (2018) observed positive effect of rice husk in enhancing pH, organic matter, magnesium and available phosphorus as an aerator in media formulation. However, the study did not establish the impact on the media if the aerator (rice husk) quantity was to be increased or decreased. Also, the impact of the aerator is yet to be validated with a test plant.
Carrot (Daucus carota) is a root vegetable with carotenoids, flavonoids, polyacetylenes, vitamins, and minerals, all of which possess numerous nutritional and health benefits (da Silva Dias 2014). In Nigeria, there is high acceptance of carrot root with production common in northern Guinea Savannah and Sudan ecologies where there is drier weather. Edaphic and environmental factors like rainfall and relative humidity often delineate the niche of most plant species. The modification of plant growth environment to increase its production area can occur naturally through evolution and climate change or artificially by erection of protected structures. Protected structures like high tunnels provide organic and conventional growers with an economic means for extending the harvest season of fresh fruits and vegetables in a wide range of climate zones (Gu et al. 2017) .
The integration of high tunnel in horticultural production is still at its inception stage in Nigeria, but holds the potential of removing the limitation placed by climate on crop production in the derived Savannah ecology. The derived Savannah ecology is characterized by heavy rainfall, high relative humidity and low insolation. These conditions may not be optimum for carrot production. Sensory and morphological attributes in carrot respond differently to growth environment and genotype (Bach et al. 2015) . Understanding the genetic expression of a cultivar in a new environment is vital for its successful introduction.
To our knowledge, virtually no study has assessed the effect of growing carrot in rice husk-amended soil media. Converting rice husk, an agricultural waste, into production resource in an environment not hitherto used for carrot cultivation will not only achieve environmental sanitation, but also food security with potentials of poverty reduction. Having this mindset, this study was initiated to assess emergence and yield of four varieties of carrot in rice huskamended media under high tunnel and open field production environments.
Materials and methods

Description of experimental site
The experiment was performed in 2014 and 2015 at the Teaching and Research Farm of the Department of Crop Science, University of Nigeria, Nsukka campus Enugu State, Nigeria. The experimental site is located at 06°52′N, 07°24′E and is about 447 m above sea level. Nsukka is in the derived Savannah ecology. The area is characterized by lowland humid conditions with bimodal annual rainfall distribution that ranged from 1155 to 1955 mm. Its mean annual temperature ranged from 29 to 31 °C with relative humidity of 69-79%.
Experimental design and formulation of media
The experimental design used was 2 × 5 × 4 factorial experiment fitted into in a completely randomized design with six replications. Factor A consist of two production environments namely high tunnel and open field while factor B was five growth media namely 5:0:0, 4:0:1, 3:1:1, 2:2:1 and 1:3:1. Factor C comprises four carrot varieties; 'Touchon', 'Amazonia', 'Carrot New Kuroda' and 'Touchon Mega'.
The media were formulated on volume ratios of topsoil, rice husk and poultry manure. The topsoil was obtained from the experimental site at the depth of 0-30 cm. The experimental soil is classified as ultisol according to the soil taxonomy of the USDA (Soil Survey Staff 2014). Chukwudi and Agbo (2014) described the soil as sandy clay loam having low organic carbon content of about 1.46% with low nitrogen, phosphorous, potassium, magnesium, calcium and base saturation contents and high exchangeable acidity. The rice husk was sourced from a rice mill at Adani Rice Farm settlement while the poultry manure was obtained from the poultry unit of the University farm, all located in Enugu State, Nigeria. The topsoil, rice husk and poultry manure were dried, sieved and homogenized before been used for the media formulations. As the aim of the study was to assess the suitability of rice husk-amended soil in carrot production, different volumes of topsoil were replaced with rice husk in three media while maintaining topsoil + rice husk + poultry manure ratio (vol./vol./vol.). Among the two media used as control (without rice husk amendment), one contained topsoil + poultry manure while the other contained only topsoil. The media were mixed as follows:
1. 4:0:1 (topsoil:rice husk:poultry manure) 2. 3:1:1 (topsoil:rice husk:poultry manure) 3. 2:2:1 (topsoil:rice husk:poultry manure) 4. 1:3:1 (topsoil:rice husk:poultry manure) 5. 5:0:0 (topsoil:rice husk:poultry manure).
Each medium was bagged and labelled properly after mixing. The media were kept out of rain and periodically turned to ensure uniform decomposition. After 13 weeks of decomposition, equal volume of each mixture was transferred to plastic planting pots (14 cm length × 12 cm diameter) perforated at the base for drainage. The use of volume was to remove the variation caused by the different amount of soil in each growth media. Two hundred and forty (4 × 2 × 5 × 6) planting pots were used for the study. The four carrot varieties seeds were planted in the different media and placed in the high tunnel and open field. The study was done during the dry season and a uniform irrigation was applied to the plants.
Data collection
The number of days to seedling emergence was monitored after planting. Three months after planting when the roots had turned bright orange colour the plants were harvested. Plants from three buckets in each treatment were randomly selected for harvest index determination and number of forks was counted. The selected plants were individually weighed using a digital scale to determine the wet biomass yield. The roots (economic yield) were separated from above ground plant parts and weighed. The roots and above ground plant parts were oven dried at 70 °C to constant weight to ascertain the dry matter accumulation (dry biomass yield). The economic yield and wet biomass yield were used in the calculation of harvest index on fresh weight basis using the following equation (Smith et al. 2018) :
Harvest index(%) = (economic yield /biological yield) × 100.
Laboratory analyses
Samples of the formulated growth media were taken to the laboratory unit for physical and chemical analyses. Media pH, organic matter content, nitrogen content, available phosphorus, exchangeable bases (K + , Na + , Ca 2+ and Mg 2+ ), acidity and cation exchange capacity were determined as described by Estefan et al. (2013) . Base saturation was calculated as the ratio of the four exchangeable bases to the effective cation exchange capacity (e-CEC), being the sum of the exchangeable bases and the exchangeable acidity.
Data analysis
The collected data were subjected to analysis of variance (ANOVA) according to the procedure outlined for factorial experiment in completely randomized design using GenStat software (GenStat 2011). Fisher's least significant difference (F-LSD) at 5% level of probability was used to separate means when there was a significant F test in the ANOVA table.
Results and discussion
Media composition
The result of the physical analysis of the various media showed no difference in their textural class. They had a common textural class of sandy loamy, however the highest clay content was found in 5:0:0 while the least was recorded in 2:2:1 and 1:3:1 ( Table 1) .
The percentage clay content decreased as the volume of topsoil decreased. Substituting topsoil with rice husk decreased the coarse sand content and increased the fine sand content of the media. The highest fine sand and lowest coarse sand were obtained from medium 1:3:1. The organic matter content, total nitrogen and CEC of the media increased with addition of rice husk. Adubasim et al. (2018) reported marginal increase in total nitrogen, available phosphorus and organic matter content of soil-based nursery media amended with rice husk. Besides being of high nutrient content and moisture retention capacity, rice husk is a good aerator (Adubasim et al. 2018; Baiyeri and Mbah 2006) . The pH is an important index of chemical quality and horticultural value of nursery media (Adubasim et al. 2018) . In this study, the pH results showed that the soil of the experimental site was acidic in nature. The highest pH values (H 2 O and KCl) were obtained when the soil was amended with poultry manure without rice husk (medium 4:0:1). Among the rice husk-amended media, adding one volume of rice husk (3:1:1) produced the lowest pH of 6.8 in water and 6.4 in KCl. Inclusion of rice husk with poultry manure in the growth media neutralized the acidity of the topsoil to slightly acidic/neutral pH level. Earlier studies (Baiyeri and Mbah 2006; Islabão et al. 2014 ) showed that rice husk and rice husk ash were effective in reducing soil acidity under greenhouse and field conditions, respectively. Slightly acidic soil promotes plant root growth and increases nutrient availability (Taiz and Zeiger 2014) . 
Effects of environment, media and variety on the seedling emergence of carrot
The number of days to seedling emergence in carrot as influenced by environments, media and varieties are presented in Table 2 . Carrot seeds planted in the high tunnel emerged faster than seeds planted in the open field. Growth media significantly influenced the number of days to seedling emergence of the carrots with medium 5:0:0 producing the least number of days to seedling emergence which was similar to medium 1:3:1. They were followed by medium 3:1:1. The highest number of days to seedling emergence was obtained from medium 4:0:1, followed by media 2:2:1. However, the difference between the medium that produced the least (medium 5:0:0) and highest (medium 4:0:1) number of days to seedling emergence was less than a day. Among the varieties, the number of days to seedling emergence ranged from 8.5 in 'Carrot New Kuroda' to 11.3 in 'Amazonia' variety. The least number of days to seedling emergence in 'Carrot New Kuroda' was significantly lower than the other varieties and was followed by 'Touchon' variety with 9 days. 'Amazonia' variety gave the highest number of days to seedling emergence that was similar to 'Touchon Mega' variety.
All the first-order interaction had significant effect on number of days to seedling emergence (Table 3) . The second-order interaction also showed significant effect of environment, growth media and variety on number of days to seedling emergence which ranged from 8 to 12 days (Table 4 ). The least significant number of days to seedling emergence (8) was obtained from 'Carrot New Kuroda' grown across the five media in the high tunnel. The highest number of days to seedling emergence was obtained from 'Touchon Mega' grown in medium 4:0:1 under the high tunnel. The same number of days was obtained from 'Touchon Mega' and 'Amazonia' varieties grown in media 4:0:1, 3:1:1, 2:2:1 and 1:3:1 in the open field.
The applied treatments influenced carrot seedling emergence as indicated by the observed significant effects. Time to seedling emergence is the result of a complex interaction of ambient weather conditions, soil, seed and seedling characteristics (Mackenzie et al. 2016 ). This interaction can be influenced by the production environment which might improve or reduce seedling emergence. (Ede et al. 2015) , Musa species (Baiyeri and Aba, 2013) and Treculia africana (Baiyeri and Mbah 2006) . 
Effects of environment, media and variety on the yield components of carrot
The main effects of environments, growth media and varieties on the yield components of carrot are presented in Table 2 . The high tunnel was significantly higher than the open field in wet and dry biomass yield however, environment had no significant effect on harvest index, number of roots and root weight. Similar to seedling emergence, the growth media influenced the yield components. Medium 4:0:1 was significantly higher than the other growth media in wet and dry biomass yield and was followed by medium 3:1:1. A range of 32.3% in medium 1:3:1 to 62% in medium 3:1:1 was obtained for growth media harvest index. The harvest index from medium 3:1:1 was statistically similar to media 4:0:1 and 5:0:0. The root weight of carrot harvested from medium 4:0:1 was significantly higher than other growth media and was followed by medium 3:1:1. Harvest index, root weight, wet and dry biomass yield decreased as the volume of rice husk increased. Harvest index as influenced by varieties ranged from 47.7% in 'Touchon Mega' to 59.9% in 'Touchon'. There was no significant difference between 'Touchon' and 'Amazonia' varieties in harvest index. However, 'Amazonia' variety was significantly higher than the other varieties in root weight, wet and dry biomass yield. It was followed by 'Touchon Mega' variety in these parameters. The root weight values ranged from 2.5 g in 'Carrot New Kuroda' to 7.2 g in 'Amazonia'.
The first-order interaction revealed that environment x growth media had significant effect on harvest index, wet biomass yield and root weight (Table 3) . Environment × variety had significant effect on dry biomass yield while growth media × variety interaction had significant effect on harvest index, wet and dry biomass yield and root weight.
The second-order interaction presented in Table 4 showed significant effect of environment, growth media and variety on harvest index, root weight, wet and dry biomass yield. The highest harvest index of 74.1% was produced by 'Touchon' variety grown in media 3:1:1 and 2:2:1 in the open field. The harvest index values ranged from 18% to 74.1%. 'Touchon Mega' variety grown in medium 4:0:1 in the high tunnel gave the highest wet biomass weight of 23.7 g that was significantly higher than the other treatment combinations but similar to 'Amazonia' grown in the same medium and environment. They were followed by 'Amazonia' grown in medium 5:0:0 in the open field and 'Touchon Mega' grown in medium 3:1:1 in the high tunnel. On dry biomass yield, 'Amazonia' variety grown in medium 4:0:1 in the high tunnel gave the highest weight that was significantly higher than the other treatment combinations but similar to 'Touchon Mega' grown in medium 3:1:1 in the same environment. The difference observed in the root weights of the carrot followed a similar trend with the wet biomass yield result. 'Amazonia' variety grown in media 4:0:1 in the high tunnel gave the highest root weight that was significantly higher than most of the other treatment combinations except 'Touchon Mega' grown in media 3:1:1 and 4:0:1; 'Amazonia' grown in medium 3:1:1 in the high tunnel and 'Amazonia' grown in medium 5:0:0 in the open field. 'Touchon Mega' grown in medium 1:3:1 in the open field gave the lowest values for harvest index, root weight, wet and dry biomass yields.
The identified significant differences in yield components among the carrot varieties are an indication that the applied treatments influenced carrot production. The high tunnel improved the growth and dry matter accumulation in carrot over the open field implying environmental influence on the biomass yield, but not on dry matter partitioning in carrot as reflected on harvest index, number of roots and root weight. However, dry matter accumulation and partitioning were influenced by growth media. Dry matter partitioning is influenced by the sink strength of an organ; its ability to compete for assimilates and the developmental stage of the plant (Chukwudi and Agbo 2016) . Availability of assimilates, rate of assimilate remobilisation from source tissues, genotype and developmental stage of the plant also determine the dry matter partitioning in plants (Chukwudi and Agbo 2016; Smith et al. 2018) . Continuous cell division and expansion of carrot root during growth gives it an edge to accumulate available assimilates. Therefore, restriction of carrot root during growth results in hard and misshapen roots (Sudeshika et al. 2018 ) and will favour translocation of assimilates to other plant parts. Volume of soil structure modification, nutrients accumulation zones, available water and air as well as microbial community influence water and nutrient uptake by plant roots (York et al. 2016) .
As expected, the clay content of the growth media decreased with reduction in the volume of topsoil used visà-vis increase in rice husk used. Inclusion of rice husk in this study increased the organic matter content of the media which in turn improved the pH value, percentage nitrogen and CEC. Reduction in clay content may account for the best harvest index recorded in medium 3:1:1. High clay content causes surface crust when there is no moisture while excess moisture results in soggy soil. Increase in soil pH towards neutrality makes nutrient more available to plants and improves CEC thereby improving plant growth (Major et al. 2010; Munda et al. 2016) . Rice husk increases organic matter content of planting medium when used as soil amendment (Adubasim et al. 2018; Mishra et al. 2017) .
Dry matter partitioning in carrots grown in medium 3:1:1 accumulated more in the economic portion (roots) than other plant parts. Increasing the quantity of rice husk used in media formulation caused reduction in harvest index and biomass yield of carrot. This reduction in yield was consistent with the report of Mishra et al. (2017) in their study of rice growth and yield using different rates of rice husk and rice husk charcoal. This is an indication that there is an optimum rate of rice husk to be included as soil amendment substrate. Beyond this optimum rate, decline in growth and yield will occur as was observed in medium 1:3:1. This medium contained the highest quantity of rice husk in this study and was consistently low in harvest index, root weight, wet and dry biomass yield. Though rice husk had been associated with high carbon nitrogen ratio, a ratio of 1:1 of rice husk to poultry manure released adequate nutrient for potted carrot production. Base materials for formulating potting media are significant determinants of its physio-chemical properties (Baiyeri 2003) which influence the quality of plants obtained from the media (Baiyeri and Mbah 2006) . Our study showed that carrot is sensitive to the physiochemical properties of its growth medium. Sudeshika et al. (2018) reported significant effect of coir dust and compost growth media on vegetative and yield performances of carrot.
The second-best biomass yield obtained from medium 3:1:1 after medium 4:0:1 showed that rice husk can be converted from agricultural waste to useful substrate in carrot production. Rice husk has the potential to be used as a soil amendment due to its high content of silicon and potassium nutrients and its ability to improve soil porosity (Jeon et al. 2010; Varela et al. 2013) .
The genetic variability in the four carrot varieties was expressed in their seedling emergence, biomass yield, harvest index and root weight. These expressed genetic variabilities are in line with earlier studies (Seljåsen et al. 2012 (Seljåsen et al. , 2013 on factors accounting for differences in carrot. 'Amazonia' variety gave the highest root weight, wet and dry biomass yield and was followed by 'Touchon Mega' variety in these parameters. In this study, harvest index was influenced more by the growth media and carrot variety than the growth environment. Growing different varieties of carrot in rice husk-amended media confirmed that media of carrot growth influences the extent to which the plant expresses its genetic potential. This was pronounced in 'Touchon Mega' variety. 'Touchon Mega' grown in media 3:1:1 and 4:0:1 in the high tunnel was either highest or similar to the highest mean in harvest index, biomass yield and root weight however, when grown in media 1:3:1 in the open field it gave the least values for these parameters. There were variations within varieties when exposed to different growth media and environment. Biomass yield in this study was influenced by the growth environment, media and carrot variety used.
Conclusion
Carrot seedling emergence and yield parameters differed in rice husk-amended media under high tunnel and open field environments. The organic matter content, total nitrogen and CEC of the media increased with addition of rice husk. However, further increase of rice husk in the growth media beyond an optimum rate resulted in yield reduction. This is an indication that carrot is sensitive to the physio-chemical properties of its growth medium. Based on the yield parameters measured, medium 4:0:1 gave the best result and was followed by medium 3:1:1. 'Amazonia' variety is recommended for cultivation in the study location due to its superior yield performance. We recommend a cost benefit study of using high tunnel structures for carrot production to assess if the extra yield obtained from it is commensurate to the cost of construction and maintenance. High tunnel may be used in carrot production if it does not reduce the profit margin.
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